N etwork analysis is rapidly establishing itself as a powerful tool for studying the structure and dynamics of complex systems (Albert & Barabasi 2002; Newman 2003) . It has proven useful in understanding social interactions among humans and nonhumans and how global properties emerge from them (Watts et al. 2002; Lusseau & Newman 2004; Flack et al. 2006 ). It has also been helpful in describing and predicting the behaviour of technological networks and some biological systems for which all interactions can be described as known absolute values. However, the application of network analysis to social systems involving nonhuman organisms has been slower, because it has been difficult to infer the statistical and biological significance of observed network statistics and structures (Croft et al. 2005; Lusseau et al. 2006) .
Two key aspects have presented difficulties. First, in contrast to some human studies, analysts estimate social relationships among individuals, they do not know them, and often they estimate those based on quite limited data. Researchers estimate relationships by observing interactions or associations between individuals, ranging from behavioural events (such as grooming) to co-occurrence. They can then build relationship measures using interaction rates or association indexes (Whitehead & Dufault 1999 ). Yet these observations do not represent all the interactions occurring between individuals; they are a sample. Studies in animal network analyses have never discussed sampling uncertainty even though its consequences can greatly affect the results of such analyses when sample size (i.e. the number of times that individuals are observed) is small. For example, if two individuals are together 50% of the time, they have a true association index (Cairns & Schwager 1987) of 0.5. If they were identified together 10 times, the 95% confidence interval for the estimated association index is about 0.3e0.7 (Whitehead 2008).
A second problem is that most network analyses of nonhumans have focused on binary networks, in which relationships are defined as being either present or absent. The matrix that represents the network contains only ones (when two individuals are defined as associated) and zeros (when they are not). Researchers have used binary transformations of continuous matrices of interaction rates or association indexes to describe animal social networks. These transformations require certain arbitrary manipulations that can be justified to varying degrees (Lusseau 2003; Croft et al. 2005) . For example, one might decide that association indexes smaller than an arbitrary value (say 0.5) should indicate the lack of a relationship between individuals (assigned a value of zero in the binary matrix) and those greater than 0.5 should indicate a relationship between individuals (assigned a value of one in the binary matrix). Another example is to define pairs for which the association index is greater than expected if interactions occurred by chance as relationships (ones) and others not possessing relationships (zeros). Authors largely ignore these manipulations when considering the conclusions derived from the results of these studies. In addition, most of these animal social systems are densely connected, and discarding information about the strength of relationships might significantly distort the interpretation of the network topology. In many nonhuman communities, all individuals associate with all other individuals at some rate, so with complete sampling and association used to indicate relationships, the binary network would link all individuals to all others. Different
